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retained proximal the windings. The increased amount 



of ferromagnetic material increases electromagnetic ef- 
ficiency, and reduces the probability that the wiring will 
be nicked on the edges of the electromagnetic core. By 
way of example, the intra-turn ferromagnetic projections 
(30) may be formed within an integrated electromagnet- 
ic core, as unitary core extensions, or as singular pro- 
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t Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] This invention pertains generally to wire- 
wound ferromagnetic cores used in electromagnetic de- 
vices, and more particularly to a method and apparatus 
for increasing the amount of effective ferromagnetic 10 
mass without increasing device size. 

2. Description of the Background Art 

[0002] A variety of electromagnetic devices utilize a is 
set of electrical windings wound upon a ferromagnetic 
core. The core typically comprises a set of laminated 
plates which are stamped-out from sheets of ferrous 
material, and which are configured with slots, or other 
means, for the proximal retention of the electrical wind- 20 
ings. 

[0003] An electrical generator typifies one such elec- 
tromagnetic device, wherein a ferromagnetic stator core 
retains a set of windings. A typical stator is created from 
a set of stamped-out steel plates which are laminated 25 
together forming a stack. Each of the steel plates con- 
tains cutouts such that, when the plates are laminated 
together, channels are formed through which a set of 
windings can be routed. These windings are routed from 
one such channel to another within the stator. It should 30 
be understood that ferromagnetic cores may also be 
fabricated by processes that do not require laminating 
a stack of plates, for example the core may be pressed 
or molded from ferromagnetic materials. 
[0004] For example, FIG. 1 shows a typical wire- 35 
wound stator 10, wherein a ferromagnetic core 12 has 
a number of slots 14 for receiving windings. FIG. 2 de- 
picts the slots 14 with entry openings 16 shown prior to 
being wound. The portion of core material between each 
slot forms a core tooth 18. Referring again to FIG. 1 , a *o 
set of windings 20 are shown routed through slots 14 
between core teeth 18. A series of end turns 22 com- 
prise portions of windings 20 which lie outside of slots 
14 and bend from one slot to another slot. After exiting 
ferromagnetic core 12, windings 20 form a bend prior to *s 
entering another slot 14 of ferromagnetic core 12. As a 
result of these exterior bends, an intra-turn air space 24 
is created between the turns of the wiring past the ex- 
terior faces 26 of stator core 12. Although an intra-turn 
air space always exists, the size and shape of the air so 
space depends on the layout of the core and how tightly 
the wires are bent. 

[0005] The majority of stators follow this same basic 
design, despite the fact that the electromagnetic device 
industry is highly competitive. A need still exists, how- 55 
ever, for increasing the efficiency of stator cores and 
wound cores in general. The present invention satisfies 
that need, as well as others, and overcomes the defi- 



ciencies of previously developed solutions. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention is directed to increasing 
the amount of ferromagnetic material which may be re- 
tained proximal to the windings on a ferromagnetic core. 
A standard core configuration may be modified to in- 
clude radiused ferromagnetic protrusions capable of 
nestling between the intra-turn spaces between the 
windings. A number of embodiments are provided which 
exemplify the inclusion of intra-turn ferromagnetic pro- 
trusions within an electromagnetic core. 
[0007] By way of example, and not of limitation, in one 
embodiment of the invention an intra-turn lamination 
member, containing intra-turn ferromagnetic projec- 
tions, is added to the ends of the ferromagnetic core. 
The intra-turn lamination member includes radiused 
protrusions of ferromagnetic material that nestle within 
the intra-turn spaces of the winding as the wires exit the 
ferromagnetic core. The intra-turn lamination member 
preferably comprises ferromagnetic material and is at- 
tached to the stator so as to increase the ferromagnetic 
mass proximal the windings. In another embodiment, 
the ferromagnetic core is manufactured or fabricated 
with integral ferromagnetic radiused protrusions which 
nestle in the intra-turn windings. In another embodiment 
the intra-turn ferromagnetic projections are added to on- 
ly small portions of the electromagnetic core over which 
a winding is received. 

[0008] An object of the invention is to increase the ef- 
ficiency of a wound electromagnetic device without in- 
creasing the core size. 

[0009] Another object of the invention is to reduce the 
probability of nicking the insulation on the wire strands 
which comprise the windings. 

[0010] Another object of the invention is to decrease 
the amplitude of the air noise associated with air move- 
ment proximal to a wound core used in a moving elec- 
tromagnetic device. 

[001 1 ] Another object of the invention is to provide en- 
hanced electromagnetic core efficiency while substan- 
tially retaining the use of current manufacturing process- 
es. 

[0012] Further objects and advantages of the inven- 
tion will be brought out in the following portions of the 
specification, wherein the detailed description is for the 
purpose of fully disclosing preferred embodiments of the 
invention without placing limitations thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention will be more fully understood by 
reference to the following drawings which are for illus- 
trative purposes only: 

FIG. 1 is a plan view of a section from a conventional 
cylindrical stator shown with wiring wound through 
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slots. 

FIG. 2 is an end view of the conventional cylindrical 
stator section of FIG. 1 shown without windings. 
FIG. 3 is a plan view of a section of unwound con- 
ventional stator to which intra-turn lamination mem- 
bers are being attached according to an embodi- 
ment of the present invention. 
FIG. 4 is a plan view of the unwound stator section 
of FIG. 3 shown assembled with the intra-turn lam- 
ination members according to the present invention 
and illustrating a wire routing path therein. 
FIG. 5 is an end view of the stator section of FIG. 4 
having attached intra-turn lamination members ac- 
cording to the present invention, and shown prior to 
the addition of windings. 

FIG. 6 is a plan view of the stator section of FIG. 4 

shown subsequent to winding. 

FIG. 7 is a front view of a single core tooth portion 

of the intra-turn lamination member according to the 

present invention and shown in isolation. 

FIG. 8 is a detailed end view of a single core tooth 

portion of FIG. 7, which shows the tip of the core 

tooth. 

FIG. 9 is a front perspective view of the core tooth 
portion shown in FIG. 8. 

FIG. 10 is a rear perspective view of the core tooth 
portion shown in FIG. 9. 

FIG. 11 is an exterior plan view of a complete cylin- 
drical stator core to which intra-turn lamination 
members are shown being attached prior to wind- 
ing. 

FIG. 1 2 is a front perspective view of a tooth portion 
of an intra-turn lamination member that is shown pri- 
or to attachment to a corresponding electromagnet- 
ic core portion. 

FIG. 13 is a front perspective view of an intra-turn 
ferromagnetic protrusion incorporated within a 
tooth portion of a non-laminated core according to 
another embodiment of the present invention. 
FIG. 14 is a front view of intra-turn ferromagnetic 
protrusions according to another embodiment of the 
present invention which are shown separately at- 
tached to a stator core assembly. 
FIG. 15 is a cross-section of a wire interface be- 
tween a conventional stator core and a represent- 
ative single wire from the wound core. 
FIG. 16 is a cross-section of a wire interface be- 
tween a core having intra-turn ferromagnetic protru- 
sions according to aspects of the present invention 
and a representative single wire from the wound 
core. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 4] Referring more specifically to the drawings, for 
illustrative purposes the present invention is embodied 
in the apparatus generally shown in FIG. 3 through FIG. 
1 6. It will be appreciated that the apparatus may vary as 



to configuration and as to details of the parts, and that 
the method may vary as to the specific steps and se- 
quence, without departing from the basic concepts as 
disclosed herein. 
5 [0015] The present invention increases the mass of 
ferromagnetic material within the ferromagnetic core of 
an electromagnetic device without increasing the size 
of the core or requiring a decrease in the bend radius of 
the end turns in the winding. The ferromagnetic material 

10 of the core is augmented by the inclusion of intra-turn 
ferromagnetic protrusions which are configured to nes- 
tle within the spaces that would otherwise exist between 
the bends in the winding as it exits the core of the elec- 
tromagnetic device. 

is [0016] FIG. 3 is a conventional stator core 12 shown 
with intra-turn lamination members 32, having intra-turn 
ferromagnetic projections, being attached prior to wind- 
ing of the core to form a stator core 30 according to the 
present invention. As in the typical stator, a ferromag- 

20 netic core 12 contains slots 14, with slot openings 16, 
and stator teeth 18. However, in accordance with this 
embodiment of the invention, a pair of intra-turn lamina- 
tion members 32 are being attached to the stator to re- 
duce intra-turn air space 24 as depicted in FIG. 1, by 

25 filling the air space with ferromagnetic material from an 
intra-turn ferromagnetic projections of intra-turn lamina- 
tion member 32. Intra-turn lamination member 32, is 
configured with slots 34, slot openings 36, and teeth 38 
which generally correspond with the profile of stator 12. 

30 The exterior end surfaces 40 of intra-turn lamination 
members 32, face away from stator section 12, with the 
majority of the radiused portion of tooth 38 comprising 
smoothly contoured intra-turn ferromagnetic projections 
39, whose exterior surface is bounded by the radiused 

35 exterior 42 of slot 34. A radiused exterior 44 is also pro- 
vided for slot opening 36 to facilitate the smooth routing 
of the wiring, although it typically does not operate to fill 
the intra-turn spacing within the winding. The radiused 
exteriors 42, 44 of the tooth 38 provide a smooth tran- 

40 sition for the wiring of the stator windings as they pass 
from one stator slot and are bent in transition to re-enter 
at another stator slot. Opposite exterior surface 40 of 
intra-turn lamination member 32 is an interior surface 
46 which is configured for attachment to the body of sta- 

45 tor 12. The various teeth 38 of intra-turn lamination 
member 32 are preferably attached to a body section 
48 which should typically correspond to the general 
shape and size of the body of stator 12. It will however, 
be appreciated that the radiused teeth 38 of the intra- 

so turn lamination members 32 may be separately adjoined 
to the facing portions of the stator teeth, or variously in- 
tegrated with other forms of body sections. The intra- 
turn lamination members 32, are preferably manufac- 
tured by compacting powdered metal into a thick lami- 

55 nation capable of filling the air-gaps according to the de- 
sired bend radius. Intra-turn lamination member 32, 
therefore, is preferably thicker than that of the generally 
plate-like metal laminations, being optimally sized so 
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. that the radiused protrusions fill the radiused bends of 
the wire windings. 

[0017] FIG. 4 shows a wiring path through a stator 
core to which are attached intra-turn lamination mem- 
bers according to an embodiment of the invention. A 
path is shown by which a wire 20 could be routed among 
the slots within stator 12 and intra-turn lamination mem- 
ber 32. 

[0018] FIG. 5 depicts a section of an unwound stator 
core 30 to which intra-turn lamination member 32 having 
teeth 38 with radiused exterior 42 of slot 34 and radiused 
exterior 44 of slot opening 36 has been attached prior 
to winding of the core. The shape of the intra-turn lam- 
ination member 32 shown in FIG. 5 substantially match- 
es that of stator core 12 upon which it is attached, as is 
apparent by a comparison with FIG. 2. It should be rec- 
ognized, however, that intra-turn lamination member 32 
need not necessarily match the shape of the original 
core to which it is attached, as numerous shape variants 
can be implemented which provide filling of intra-turn air 
gap 24. 

[0019] The ferromagnetic material provided by intra- 
turn ferromagnetic projections, such as exemplified 
within intra-turn lamination members 32, are cumulative 
to the ferromagnetic material contained in a convention- 
al electromagnetic core and are retained in close prox- 
imity to the windings of the core. Improved efficiency 
within the electromagnetic device results from the in- 
crease in ferromagnetic material mass that is achieved 
proximal the windings without a concomitant increase 
in the overall length of the wound stator, or by compro- 
mising the integrity of the windings by the utilization of 
tighter radius bends. Additionally, it will be appreciated 
that the use of intra-turn ferromagnetic projections 
should permit the safe use of tighter windings with small- 
er bend radii, since the smooth transition provided by 
the intra-turn ferromagnetic projections reduces the risk 
of compromising the integrity of the wire insulation, such 
as by nicking. In addition to the aforesaid benefits, re- 
duced levels of noise are achieved within certain elec- 
tromagnetic devices in which air moves rapidly about 
the wound core. This noise reduction is provided as a 
result of the reduced air gap spacing within the windings 
which modify the air flow pattern to thereby reduce the 
sound amplitude. 

[0020] FIG. 6 shows a wound stator 30 having intra- 
turn lamination members according to an embodiment 
of the present invention. As in the typical stator, a ferro- 
magnetic core 12 contains slots 14, with slot openings 
16, and stator teeth 18, while windings 20 passing 
through slots 14 form end turns 22 on the portion of their 
path that lies outside of the standard ferromagnetic core 
12. The intra-turn lamination members 32 contain ferro- 
magnetic material, a portion of which comprises the in- 
tra-turn ferromagnetic projections which fill the intra-turn 
air-gaps 24 which were visible in FIG. 1. The corre- 
spondence between teeth 1 8 of stator core 1 2 and teeth 
38 of intra-turn lamination member 32 are clearly visible. 



[0021] FIG. 7 through FIG. 10 illustrate a tooth section 
38 shown extending from a body section 48 of intra-turn 
lamination member 32 from various angles which depict 
the radiused exterior 42 about the edge forming slot 34 
5 and radiused exterior 44 about the edge forming slot 
opening 36. FIG. 8 is shown from the tip of stator tooth 
38 wherein exterior profile 40 and interior profile 46 are 
visible. FIG. 9 provides a front view of exterior end sur- 
face 40 which illustrates radiused exteriors 42, 44 of the 

10 intra-turn lamination member 32. It will be appreciated 
that the tip of tooth 38 is configured as a lip around edge 
44 forming slot opening 36 to improve winding retention. 
FIG. 10 provides a rear view of interior surface 46. 
[0022] FIG. 11 is a pair of intra-turn lamination mem- 

15 bers 32 being assembled with interior surface 46 to be 
attached to the end surface 26 of circular stator core 1 2 
which comprises a series of ferromagnetic laminations. 
It should, however, be appreciated that the invention 
may be practiced on any electromagnetic device con- 

20 taining a winding. 

[0023] FIG. 12 is a section of an intra-turn lamination 
32, having a tooth 38 and a section of body 48, which 
are being attached to a section from a stator core 12. 
The interior surface 46 of the intra-turn lamination mem- 

25 ber 32 is being attached to the end surface 26 of the 
stator core. The figure illustrates the relationship be- 
tween the sides of a stator tooth 1 8 and the radiused 
exteriors 42 for forming slot 34, and the radiused exterior 
44 for forming slot opening 36 within intra-turn lamina- 

30 tion member 32. 

[0024] FIG. 13 illustrates an alternative embodiment 
50 of an electromagnetic core. It will be appreciated that 
the intra-turn laminations taught within the present in- 
vention may be widely practiced within various imple- 

35 mentations of ferromagnetic core assemblies without 
departing from the teachings of the present invention. 
The depicted embodiment shows a tooth portion 52 of 
a stator core 50 in which an intra-turn core extension 54, 
with edge of slot opening 56, has been integrated with 
the stator core portion. In this embodiment, the ferro- 
magnetic core is fabricated as a single non-laminated 
unit having protruding radiused extensions. The ends of 
the stator core itself within this embodiment are config- 
ured with intra-turn ferromagnetic projections as part of 

45 core extension 54 for filling the air-gaps that would oth- 
erwise exist within the windings. It will be appreciated 
that the intra-turn lamination elements may be integrat- 
ed with the entire stator, or any part thereof, in order to 
provide intra-turn ferromagnetic protrusions for filling 

50 the intra-turn winding spaces. 

[0025] FIG. 14 illustrates another embodiment 70 
having separate intra-turn ferromagnetic protrusions 72 
attached to a stator core 12 and which are capable of 
filling intra-turn spaces 24 within a set of windings. The 

55 intra-turn ferromagnetic protrusions 72 may be bonded 
to the electromagnetic core, or applied as a liquid con- 
taining ferromagnetic material which hardens to form 
the protrusions on portions of the electromagnetic core 
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which fill in the spaces that would otherwise exist within 
the windings. 

[0026] FIG. 15 and FIG. 16 show a comparison be- 
tween a bend in a wire 20 which is formed upon transi- 
tioning from a conventional stator core 12 of FIG. 15, 
and from a stator core 1 2 of FIG. 1 6 to which is attached 
an intra-turn lamination member 32. The drawings rep- 
resent cross sections of the stators as viewed from the 
slot and the narrow slot opening are omitted for the sake 
of clarity. The sharp edge of stator 12 in FIG. 15 is ad- 
jacent wire 20, and the possibility of shorting is depend- 
ent on how tightly the bend radius is formed and the par- 
ticular surface proffered by the edge of stator 12. It 
should be noted that typical stators are formed from a 
stack of laminated steel plates which are typically fabri- 
cated by a stamping process, therefore, these stamped 
plates often exhibit sharp peripheral edges characteris- 
tic of stamped articles. FIG. 16 represents the smooth 
transition afforded wire 20 by the use of intra-turn lami- 
nation member 32. The smooth wire transitions provid- 
ed by the intra-turn lamination member 32 reduces the 
probability of nicking or cutting the wire insulation on the 
exterior edge of the stator core, which can cause, or lead 
to, an electrical short in the winding. It will be appreciat- 
ed that since registration of intra-turn lamination mem- 
ber 32 with the stator is subject to a degree of positioning 
inaccuracy during assembly, the intra-turn lamination 
member is shown configured with a slightly enlarged 
and radiused interior surface 46 near the edges of stator 
core 1 2, to prevent the sharp stator core edges from cut- 
ting into the windings despite any mis-registration that 
may exist between stator core 12 and intra-turn lamina- 
tion member 32. It should be appreciated that the intra- 
turn lamination members 32 can thereby reduce the 
probability of electrical shorts within the windings, in ad- 
dition to beneficially increasing the amount of ferromag- 
netic material that is retained proximal to the windings. 
[0027] A variety of fabrication processes may be uti- 
lized in creating intra-turn lamination members, or intra- 
turn core extensions according to the present invention. 
Typically, the process of stamping or die-cutting, which 
is used for fabricating the flat, substantially two-dimen- 
sional, steel sheet for a standard laminated core are not 
conducive to fabricating a three-dimensional structure 
such as required of the intra-turn lamination members. 
Therefore, in a preferred process, powdered metal is 
compressed until it forms a continuous intra-turn lami- 
nation member. Alternative fabrication processes may 
be utilized which include additive processes such as 
molding of the intra-turn lamination member from a fer- 
romagnetic material or a material comprising ferromag- 
netic particles. In addition, the intra-turn lamination 
members may be formed by subtractive processes such 
as machining or etching, however in general, use of 
these subtractive processes increases fabrication ex- 
pense. Once fabricated, the intra-turn lamination mem- 
bers are attached to the ends of the standard laminated 
core. It will be recognized that the process of fabricating 



the intra-turn lamination member may be combined with 
the attachment process wherein the intra-turn lamina- 
tion member is fabricated directly on the ends of the 
standard laminated core. As can be seen, the intra-turn 
5 lamination members are readily fabricated and incorpo- 
rated into existing electromagnetic cores to provide en- 
hanced efficiency, lowered levels of noise, and in- 
creased reliability. 

[0028] Accordingly, it will be seen that the present in- 

10 vention, which is represented by way of example as sta- 
tor core embodiments for an electric generator, is gen- 
erally applicable to any form of wound electromagnetic 
device, including devices such as motors, generators, 
alternators, rotational actuators, rotational solenoids, 

15 linear actuators, yokes, and variations thereof. It will be 
appreciated that the embodiments of the invention were 
provided by way of example and that wide variation may 
exist with regard to the practice of the invention. Specif- 
ically, it should be recognized that the shape of the intra- 

20 turn lamination member is subordinate to the shape and 
implementation of the specific electromagnetic core and 
its windings, insofar as the intra-turn ferromagnetic pro- 
jections still provides for filling gaps between windings. 
[0029] Although the description above contains many 

25 specificities, these should not be construed as limiting 
the scope of the invention but as merely providing illus- 
trations of some of the presently preferred embodiments 
of this invention. Thus, the scope of this invention should 
be determined by the appended claims and their legal 

30 equivalents. Therefore, it will be appreciated that the 
scope of the present invention fully encompasses other 
embodiments which may become obvious to those 
skilled in the art, and that the scope of the present in- 
vention is accordingly to be limited by nothing other than 

35 the appended claims, in which reference to an element 
in the singular is not intended to mean "one and only 
one" unless explicitly so stated, but rather "one or more." 
All structural, chemical, and functional equivalents to the 
elements of the above-described preferred embodiment 

to that are known to those of ordinary skill in the art are 
expressly incorporated herein by reference and are in- 
tended to be encompassed by the present claims. More- 
over, it is not necessary for a device or method to ad- 
dress each and every problem sought to be solved by 

45 the present invention, for it to be encompassed by the 
present claims. Furthermore, no element, component, 
or method step in the present disclosure is intended to 
be dedicated to the public regardless of whether the el- 
ement, component, or method step is explicitly recited 

50 in the claims. No claim element herein is to be construed 
under the provisions of 35 U.S.C. 112, sixth paragraph, 
unless the element is expressly recited using the phrase 
"means for." 

55 

Claims 

1 . In an electromagnetic device having a ferromagnet- 
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ic core (12) and a set of windings (20), the improve- 
ment comprising: 

a ferromagnetic intra-turn lamination member 
(32) attached between the core (12) and the $ 
windings (20), said intra-turn lamination mem- 
ber (32) having radiused projections (39) capa- 
ble of filling curved spaces between turns of the 
windings (20) whereby an increase in efficiency 
may be achieved by the inclusion of additional w 
ferromagnetic material proximal the windings 
(20). 

In an electromagnetic device having a ferromagnet- 
ic core ( 1 2) with a set of windings (20), the improve- 15 
ment comprising: 

a plurality of radiused projections (54) extend- 
ing from the ends of said ferromagnetic core 
(12) which are capable of filling spaces be- 20 
tween the turns within said windings (20). 

A ferromagnetic core (30, 50, 70) for an electromag- 
netic device which is capable of receiving a winding 
(20), comprising: 25 

(a) a base member (12) containing ferromag- 
netic material; 

(b) means for retaining (14, 16) a winding (20) 
upon said base member (1 2); and 30 

(c) means for extending (32, 54) said base 
member (12) into curved spaces (24) between 
bends of the winding (20). 

A ferromagnetic core (30, 70) as recited in claim 3, 35 
wherein said means for extending (32, 54) said 
base member (12) into curved spaces between 
bends of the windings comprises a separate mem- 
ber (32) joined to an end of said base member (12). 

40 

A ferromagnetic core (50) as recited in claim 3, 
wherein said means for extending (32, 54) said 
base member (12) into curved spaces between 
bends of the windings (20) comprises radiused pro- 
jections (54) on said base member (12). 45 

A ferromagnetic core (30, 50, 70) for an electromag- 
netic device, comprising: 

(a) a base member (1 2) having cutouts (14,16) so 
for receiving a winding (20) which is bent (22) 
upon exit from one cutout ( 1 6) to then enter an- 
other cutout (16); and 

(b) a ferromagnetic extension (32, 54, 72) 
joined to said base member and having radi- ss 
used projections (39) which are configured to 
nestle in the curved spaces (24) that would oth- 
erwise exist between the bends (22) of winding 



(20) exiting said cutouts (16). 

7. A ferromagnetic core (30, 50, 70) as recited in claim 
6, wherein the ferromagnetic extension (32, 54, 72) 
is formed from compacted powdered ferrous mate- 
rial. 

8. A ferromagnetic core (30, 50, 70) as recited in claim 
6, wherein the ferromagnetic extension (32, 54, 72) 
is molded from a material containing ferrous parti- 
cles. 

9. A ferromagnetic core (30, 50, 70) as recited in claim 
6, further comprising a wire retention lip (44) which 
projects from the ferromagnetic extension (32) to 
aid in proximal retention of wiring (20) upon the ra- 
diused projection of the extension. 

1 0. A core extension member (32, 72) capable of being 
joined to the ferromagnetic core (12) of an electro- 
magnetic device configured to receive a set of wind- 
ings (20), comprising: 

(a) a body (48, 72); 

(b) a first side (46) of said body (48) configured 
for attachment to one side of said ferromagnetic 
core (12); and 

(c) a second side (40) of said body (48) con- 
taining ferromagnetic material and configured 
with radiused teeth (38, 72) capable of nestling 
between the curved spaces (24) within the set 
of windings (20), such that additional ferromag- 
netic material is thereby positioned proximal 
said windings (20). 

11. A core extension member (72) as recited in claim 
10, wherein body (72) comprises a plurality of sep- 
arate protruding members attached to an end of the 
ferromagnetic core wherein portions of the body are 
configured to individually nestle between the curved 
spaces within the Windings (20). 

12. A core extension member (32) as recited in claim 
10, wherein the body is substantially configured in 
the shape of the ferromagnetic core (12) upon 
which it is to be attached. 

13. A method of increasing the efficiency of an electro- 
magnetic device utilizing a ferromagnetic core (12) 
upon which a set of windings (20) are to be en- 
gaged, comprising: 

extending the ferromagnetic core with addition- 
al ferromagnetic material that is configured with 
radiused intra-turn projections (32, 54, 72) ca- 
pable of filling a portion of the intra-turn space 
(24) that would otherwise exist between the fer- 
romagnetic core (1 2) and the turns in the wind- 
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ings (20); and 

winding said ferromagnetic core (12) with wir- 
ing routed proximal to the radiused intra-turn 
projections (32, 54, 72), such that additional 
ferromagnetic material is retained proximal s 
said windings (20). 

14. A method as recited in claim 13, wherein extending 
the step ferromagnetic core (12) is carried out by 
attaching an extension member (32, 72) containing 10 
ferromagnetic material that provides radiused exte- 
rior projections (39, 72) to the ends of the ferromag- 
netic core. 
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